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Abstract 
In this work, chemical heat storage is proposed for the accumulation of the surplus thermal energy generated by a nuclear reactor 
during low demand of electricity and its re-utilization for the peak demands.  Thermal energy is converted into chemical energy 
or vice versa by operating a reversible chemical reaction, consisting in the dehydration of magnesium hydroxide (Mg(OH)2) and 
the hydration of magnesium oxide (MgO).  It is required that thermal energy has to be released promptly in order to follow the 
demand of electricity.  To satisfy these features, the thermal conductivity of Mg(OH)2 and MgO has been enhanced by using 
expanded graphite (EG).  A composite material, named EM, was obtained by mixing Mg(OH)2 and EG in a water suspension.  
After drying of the mixture, EM was compressed in figure of tablets (diameter of 10 mm, thickness of around 6 mm).  The 
reactivity of the packed bed of EM tablets was and studied experimentally in order to determine its heat storage and heat output 
performances and compared to a packed bed made of pure Mg(OH)2 pellets.  From the experimental results of stored heat and 
heat power output, it was possible to estimate the amounts of Mg(OH)2 and EM required for the peak shaving of electricity in a 
nuclear power station.  A Rankine cycle in the power station has been modified to include a chemical heat storage reactor.  The 
range of admissible variation of electrical power output from the steam turbine was estimated from the enthalpy and mass 
balances under the heat storage and heat output operation modes, respectively.  The volume of EM tablets required to store the 
same amount of thermal energy of Mg(OH)2 pellets resulted 13.6% smaller. 
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1. Introduction 
Small nuclear power stations are considered to be the key technology of a new nuclear era.  This kind of reactors 
would be suitable for small electrical markets, for instance in the developing countries, in which the demand is 
rapidly growing.  Alternatively, they might also be utilized for hydrogen production, steel making or other industrial 
processes which require high temperature heat [1].  At the same time, power companies are doing large investments 
also on renewable energy, especially on solar PV and wind farms.  These kinds of energy sources are not always 
available and their intrinsic instability may induce sudden surplus or lacks of power on the electrical grid [2]; 
therefore, energy storage technologies have a key role for energy management.    Electrical Energy Storage is 
available through several different technologies, for example pumped hydroelectric storage, compressed air energy 
storage, battery, flow battery and others [3].  The most common and widely implemented is the pumped 
hydroelectric storage: the electricity surplus is converted into hydraulic potential energy by pumping water to a 
higher elevation water basin.  Then, potential energy can be reconverted into electricity when letting flow again 
water downstream through the turbine during peak hours.  However, such infrastructures (dams and artificial lakes) 
have a strong impact on the environment, and there might not be the conditions in some countries, characterized by 
flat lands or lack of rivers with suitable water flows.  Other technologies like batteries would be contained into 
industrial areas, on the other hand, their performance requires to be improved, their cost to be decreased, and there 
would still remain concern about recycling or disposal of toxic chemicals at the end of their life cycle.  Another kind 
of storage is thermal energy storage, which is particularly suitable as energy storage technology in thermal power 
stations, as it operates directly with thermal energy.  There exists a large variety of materials under investigation 
[4,5], depending if heat is stored though the phase change solid-liquid or by the means of a chemical reaction 
between a solid and a gas.  In this paper, it will be discussed the utilization of magnesium hydroxide (Mg(OH)2) as 
chemical heat storage material.  The principle of the magnesium oxide (MgO) – water (H2O) chemical heat pump 
(CHP) is based on a reversible gas-solid chemical reaction, as demonstrated by Y. Kato et al. [6].  The equilibria are 
expressed as follows: 
 
MgO(s) + H2O(g) ļ Mg(OH)2(s) ¨H°r = -81.0 kJ mol-1 (1) 
 
H2O(g) ļ H2O(l) ¨H°pc = -41.0 kJ mol-1 (2) 
 
The leftward reaction in (1) is named dehydration of Mg(OH)2.  It is an endothermic reaction and corresponds to 
the heat storage mode.  The rightward reaction in (1) is named hydration of MgO.  It is an exothermic reaction and 
corresponds to the heat output mode.  A limitation to the utilization of this technology is given by the low thermal 
conductivities of Mg(OH)2 and MgO.  This means that even if such materials can, in principle, recover and reuse 
thermal energy, a packed bed reactor would require large surfaces for heat exchange, consequently the cost would be 
higher and the design more complicated.  Therefore, it is necessary to increase thermal conductivity of the materials 
for enhancing the reactor’s performance.  In this work, expanded graphite (EG) was used for enhancing the thermal 
conductivity in a packed bed reactor.  In particular, composites of EG and CHP materials have already been 
investigated in the compressed state; these have exhibited high values of thermal conductivity similar, to that in 
Mauran et al. [7] and Fujioka et al. [8].  Another important property of the composite material with EG is its mold-
ability.  It is possible to shape the composite and minimize heat-transfer resistance through contact between the 
composite material and heat exchanger surfaces in a CHP reactor. 
A new composite material called EM was prepared by mixing Mg(OH)2 powder and EG with pure water.  The 
mixture was then dried and compressed into tablets.  These EM tablets were examined for a packed bed reactor of a 
100-W scale CHP, which was developed for demonstrating the operability of pure Mg(OH)2 pellets [9].  In the last 
part of the paper, by using the experimental results of stored heat and heat output, it was analyzed a Rankine cycle in 
which chemical heat storage was implemented in the solution of the heat and mass balance equations.  The analysis 
aimed to understand how much the electrical power output from the steam turbine could be adjusted when operating 
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the heat storage mode or the heat output mode of the CHP, respectively.  Finally, the volumes of Mg(OH)2 pellets 
and EM tablets required for these operations have been estimated. 
 
Nomenclature 
M: molecular weight [g mol-1] 
m: initial charged material weight [g] 
m’: mass flow of steam [kg s-1] 
h: enthalpy of steam [kJ kg-1] 
HP: high pressure stages of the steam turbine 
IP: intermediate pressure stages of the steam turbine 
LP: low pressure stages of the steam turbine 
P: pressure [kPa] 
Q: available thermal energy [MJ]  
qd: heat stored by dehydration, per unit volume of packed bed [MJ mbed-3] 
qh: heat output from hydration, per unit volume of packed bed [MJ mbed-3] 
s: pellet thickness [m] 
T: temperature [qC] 
t: time [s] 
V: volume of the packed bed [m3] 
x: reacted fraction 
xini: initial reacted fraction at reaction cycle onset 
w: mean heat output rate of hydration [kW mbed-3] 
'Hq: standard enthalpy change of reaction [kJ mol-1] 
'm: weight change of reactor [g] 
'x: mole reacted fraction change [-] 
I: pellet diameter [m] 
U: density [g cm-3] 
\: mass mixing ratio of EM [g of Mg(OH)2:g of EM] 
 
Subscripts 
bed packed bed 
cond condensation 
d dehydration 
EG expanded graphite 
EM composite material (Expanded graphite mixed with Magnesium hydroxide) 
evap evaporation 
h hydration 
in inlet 
Mg(OH)2 Magnesium hydroxide 
out outlet 
pc phase change of water system 
pellet pellet 
r magnesium oxide / water reaction system 
sat saturation 
1–7 indexes of thermocouple positions 
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2. Experimental 
2.1. Preparation of EM composite material 
Mg(OH)2 pellets (MH-V05G, UBE Material Industries, Japan) [10] were used as the precursors for preparing the 
EM composite.  EG was obtained from graphite flakes (SS-3, Air Water, Inc., Japan) after thermal treatment (700qC 
for 10 min) in an electric muffle furnace (FUW-232-PA, Advantec, Japan) under atmospheric conditions.  The EM 
composite was prepared as follows: 
 
x Pure Mg(OH)2 pellets were crushed with a mortar and pestle and sieved (average particle size < 150 Pm). 
x Sieved Mg(OH)2 powder (8.0 g) and EG (1.0 g) were placed on a glass dish (I= 100 mm); then, purified water 
was added (approx. 30 ml) to the powder mixture, and the resulting suspension was mixed gently using a spatula. 
x After obtaining a homogeneous mixture, the glass dish was placed in a drying oven (DVS 402, Yamato, Japan) 
for about 15 min at 120qC under atmospheric conditions. 
x Because of the different densities of water EG and Mg(OH)2, the EG began to float on the upper surface of the 
mixture.  It was necessary to remove the sample from the drying oven and remix it using a spatula; then, the 
sample was re-placed in the drying oven for 15 min. 
x The glass dish was removed from the drying oven, and the materials were mixed again.  As some of the water 
evaporated, the mixture began to agglomerate; finally, a homogeneous mixture of Mg(OH)2 and EG was obtained. 
x The sample was left at 120qC in the drying oven until it was completely dry. 
x After removal from the drying oven, the EM composite material was cut into small irregular pieces (average 
dimension < 4 mm) using the spatula.  
x EM composite was compacted into tablets using a stainless steel mold set.  The EM tablets had a diameter (I) of 
10.1 mm and thickness (l) of 6.5–7.0 mm. 
 
In the preparation of EM, a ratio between the mass of Mg(OH)2 and EG to be used has to be decided. The mass 
mixing ratio, \>@, has been defined as the ratio between the mass of Mg(OH)2 used, mMg(OH)2 [g], divided by the 
total mass of of the bed, mbed [g] , as shown in Eq. 3 
bed
Mg(OH)
EGMg(OH)
Mg(OH) 2
2
2
m
m
mm
m
 

 \ (3)
 where mEG [g] is the mass of EG used in the preparation of EM.  In this work, EM was prepared with \ = 0.888; 
in a previous work from M. Zamengo et al. [11] it was observed that, for such a value of \the heat storage and 
heat output performances were optimal for the system.  EM tablets were arranged in piles inside of the reactor, in 
order to increase the heat storage density.  Table 1 summarizes the properties of the packed beds of pellets used in 
this study: it shows that the amount of Mg(OH)2 contained in both the packed beds was approximately the same (44 
g).  The values of apparent thermal conductivity of the packed beds, Obed [W m-1K-1] were measured using a thermal 
conductivity meter (QTM500, Kyoto Electronics) based on transient hot wire method.  The materials comprised in 
the packed beds were arranged so that they completely covered the hot wire sensor of the meter.  Because the 
contact between packed beds and the hot wire sensor was random and not optimal, it was necessary to repeat the 
measurement (30 times) and calculate the average.  In particular, after the completion of each measurement, the hot 
wire sensor was lifted from the sample, and the tablets were rearranged to change the contact condition for the 
following measurement.  The apparent thermal conductivity of the EM bed of piled tablets resulted approximately 3 
times larger than the one Mg(OH)2 pellets.  In particular, anisotropic behavior was observed for EM.  This effect is 
known also from other researchers [12] and is related to the formation of EG layers perpendicular to the direction of 
compaction of EM, hence a preferential direction for heat transfer is established. 
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Table 1. Properties of the packed beds in the experimental reactor. 
Material of the packed bed 
Mass of bed 
mbed [g] 
Mass of Mg(OH)2 
mMg(OH)2[g] 
Density of bed 
Ubed [g cm-3] 
Apparent thermal conductivity 
of the packed bed  
[W m-1 K-1] 
Mg(OH)2 pellets 43.9 43.9 0.626 0.16 
EM tablets 49.1 43.6 0.714 0.55 (radial) - 0.45 (axial) 
2.2. Experimental apparatus and procedure 
Fig. 1 shows a schematic diagram of the CHP experimental apparatus.  It is an assembly of a reaction chamber 
and a water reservoir, connected by heated tubes and stop valves.  The reactor containing the packed bed of pellets 
(packed bed reactor, PBR) is placed at the center of the chamber, as shown in Fig. 2.  In addition, this figure 
includes the position of the seven thermocouples that were positioned in the packed bed reactor (PBR) for 
measuring temperature changes during reactions.  Heat for Mg(OH)2 dehydration was supplied through a sheath 
heater surrounding the reactor’s external surface.  The chamber was mounted on an electric balance: the reactor’s 
weight changed because of the movement of water vapor from the packed bed to the water reservoir and vice versa 
during the reactions.   The experiments consisted of two chemical reactions operated cyclically, starting from 
dehydration.  The hydration experiment started from the dehydrated state.  In the dehydration experiment, the 
reactor’s heater was controlled to attain and maintain the inner wall temperature (T5) at 400°C.  The water reservoir 
was used for condensing the water vapor released from the reaction in the PBR.  The condensation temperature was 
maintained at 20°C using a water chiller.  In this manner, the dehydration pressure Pd was fixed at 2.3 kPa.  
Dehydration was performed until it reached a steady state for each bed temperature and weight change of the PBR; 
the time required for reaching this condition was approximately 60 min for EM, about 90 for Mg(OH)2 pellets.  
Then, the stop valve (SV-1) was closed; the electricity supplies to the reactor’s heater and chiller operation were 
shut down as well.  As the PBR cooled from 400°C to 150°C, saturated water vapor at a temperature of 140°C 
(saturation pressure Psat = 361 kPa) was prepared in the water reservoir using a Joule heater.  When it was observed 
that the temperature of the packed bed had attained a steady state (all temperatures in the packed bed were about 
150°C), the hydration reaction was started by re-opening the stop valve SV-1.  The water vapor commenced flowing 
from the water reservoir to the reaction chamber under a hydration pressure, Ph, of 361 kPa. 
 
 
Fig. 1. Schematic diagram of experimental apparatus. 
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Fig. 2. Cross section of vacuum chamber containing packed bed reactor. 
3. Results and discussion 
3.1. Evaluation of CHP performance 
The reactor’s weight change, 'm [g], is ascribed to the movement of water vapor between the PBR and the 
reservoir.  The reacted fraction, x [-], is calculated using Eq. 4 
22
2
Mg(OH)Mg(OH)
OH
Mm
Mm
x
/
/
1
'
 (4)
 where mMg(OH)2 [g] and M [g mol-1] are the initial amount of reactant charged in the bed and molecular weight of 
the substance, respectively.  As observed by Y. Kato et al. [13], both dehydration and hydration were saturated 
before reaching ideal completion under reaction conditions.  To obtain an objective comparison of reactivity, the 
mole reacted fraction change, 'x, was calculated by using Eq. 5 
inixxx  ' (5)
 
where xini is the initial reacted fraction of the dehydration–hydration reaction cycle.  For comparing some of the 
reaction cycles in the following discussion, the value of xini in each cycle was set to a constant value.  The values of 
'x were calculated for dehydration and hydration, denoted respectively as 'xd and 'xh.  The stored heat, qd [MJ 
mbed-3], and the heat output, qh [MJ mbed-3], were calculated using Eqs. 6 and 7. 
bedd
Mg(OH)
r
d
2
U\ '' x
M
Hq
$
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bedh
Mg(OH)
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h
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U\ '' x
M
Hq
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They represent, respectively, the amount of heat stored or released per unit volume of packed bed.  Finally, the 
mean heat output rate, wh [kW mbed-3] was calculated from Eq. 8, where th [s] is the time elapsed after the supply of 
vapor for hydration. 
h
h
h t
qw  1000   (8) 
3.2. Dehydration and hydration experiments 
Fig. 3.(a) shows the temperature at the center of the PBR, T3, and the mole reacted fraction change, 'xd, in 
function of time during dehydration.  Despite the same heating conditions of the experiments, EM tablets showed a 
faster temperature increase of T3 than in case of pure Mg(OH)2.  This was observed because the thermal conductivity 
of the bed of EM tablets was higher than the bed of Mg(OH)2 pellets.  The dehydration of Mg(OH)2 could be 
completed in a shorter time and more efficiently in the packed bed of EM tablets rather than in the one of pure 
Mg(OH)2 pellets.  After having completed the dehydration of the packed beds, hydration was conducted.  While 
waiting the cooling down of the packed bed to a uniform temperature of 150qC, saturated water vapor at 361 kPa 
(Tsat = 140qC) was produced in the water reservoir.  Then, the stop valve was opened and hydration of the packed 
bed could start.  Fig. 3.(b) shows the results of the hydration experiments, including the temperature at the center of 
the packed bed T3 and the mole reacted fraction change 'xh.  A sharp increase of temperature T3 and 'xh was 
observed since after introducing water vapor in the chamber.  It resulted that 'xh was higher in case of EM tablets 
than the Mg(OH)2 pellets, while the temperature T3 recorded on the EM packed bed resulted lower than the case of 
Mg(OH)2.  Because heat from the packed beds is not removed via an heat exchanger but just dissipated slowly 
through the surroundings, the lower temperature recorded in the bed of EM packed bed demonstrates that heat 
dissipation of EM tablets is better than in the Mg(OH)2 pellets.  A better removal of heat of exothermic reaction 
from the bed is advantageous and accelerates the reaction.  This explains why 'xh was larger for EM tablets rather 
than for Mg(OH)2 pellets.  Moreover, it was observed that hydration at 361 kPa for 1 hour was enough for 
completely release the amount of heat stored during 1 h of dehydration. 
 
     (a)             (b) 
 
Fig. 3. (a) Comparison of temperature at the center of the packed bed, T3, and mole reacted fraction change, 'xd, during dehydration reaction; (b) 
Comparison of temperature at the center of the . packed bed, T3, and mole reacted fraction change, 'xh, during hydration reaction. 
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From the results of 'xd and 'xh it was possible to calculate the stored heat, qd, the heat output, qh, and the mean 
heat output rate of hydration, wh.  The results of the calculations are shown on Fig. 4.  It was observed that EM 
tablets stored and released thermal energy faster than Mg(OH)2.  After running the dehydration experiments for 60 
minutes, the stored thermal energy could be released completely during the following 60 minutes of hydration.  In 
particular, the mean heat output rate, wh resulted larger for EM tablets.  For example, when operating hydration for 
30 minutes, the packed bed of Mg(OH)2 pellets released thermal energy with a mean heat output rate of 214 kW 
mbed-3.  In case of EM tablets, the mean heat output rate was 249 kW mbed-3 (+16.2%).  This means that, for a given 
thermal power required by the user, the volume of EM tablets necessary for the purpose would be smaller than the 
corresponding volume of Mg(OH)2 pellets.  As a consequence, it is expected that a new CHP reactor utilizing EM 
tablets can be more compact and less expensive than one utilizing Mg(OH)2 pellets.  The mold-ability of EM gives 
also the advantage to shape the composite into different figures and decrease the heat transfer contact resistance 
between material and heat exchanger’s surfaces (e.g. plates, fins). 
 
Fig. 4: Comparison of stored heat, qd, heat output, qh, and mean heat output rate, wh, during heat storage mode (dehydration) and heat output 
mode (hydration). 
3.3. Rankine cycle including heat storage 
In this section it is proposed an analysis of a Rankine cycle including the Mg(OH)2 chemical heat storage.  It has 
been assumed a time scale of load fluctuation of 1 hour.  The goal was to estimate the required amounts (mass and 
volume) of packed bed materials.  A schematic of the operations is shown on Figs. 5, 6 and 7.  They show 
respectively the design condition, the heat storage mode and the heat output node.  The properties of steam at the 
inlet and at the outlet of the steam generator, together with the mass flow correspond to the design values of steam 
generated by a small sized high temperature reactor (high temperature gas reactor MHR-50, helium cooled) 
described by K. Shimizu et al. in [14]. 
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Table 2 Basic plant specifications and assumptions 
Item Values 
Reactor thermal power [14] 120 MWt 
Gross electrical power [14] 49.2 MWe 
Main steam temperature/ pressure (steam generator inlet) [14] 232qC / 100 bar  
Main steam temperature/ pressure (steam generator outlet) [14] 538qC / 100 bar 
Main steam flow rate [14] 49.3 kg/s 
Isentropic efficiency of turbines (assumed) 0.85 
Mechanical efficiency (assumed) 0.98 
LP turbine inlet steam temperature / pressure (assumed) 159qC / 4 bar 
Gross electrical power (from calculations) 49.3 MWe 
 
 
Fig. 5: System configuration and heat mass balance of the secondary loop (Rankine cycle). 
Because not all the design conditions of the Rankine cycle were available, some of them were assumed: they lead 
to results not far from the declared design conditions in terms of thermal and electrical power generation (120 MWt 
and 49 MWe).  Table 2 summarizes the main design parameters utilized for the heat mass balance calculations.  The 
results can be extended also to other kinds of high temperature reactors as soon as the temperatures for the 
accomplishment of dehydration reaction for heat storage are matched.  The electrical power output from the turbine 
depends directly on the mass flow of steam produced by the steam generator and the enthalpy changes.  When the 
demand of electricity decreases, the steam turbine has to rotate always at the same rotation speed, but the work from 
expansion of steam must be reduced.  This can be accomplished by decreasing the mass flow in the steam generator; 
consequently, the operator has to decrease the generation of thermal power from the nuclear reactor.  The utilization 
of heat storage allows keeping a constant mass flow in the steam generator, but thermal energy can be partially 
converted into work in the turbine and partially stored via the dehydration. 
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Fig. 6: System configuration and heat mass balance of the secondary loop including chemical heat storage operating the heat storage mode. 
This is explained on Fig. 6: when the electricity demand decreases, some of the stages of the high pressure (HP) 
steam turbine can be partially (or totally) by-passed.  The by-passed steam flows into the heat exchanger of the 
packed bed.  In this way heat is stored via the dehydration.  Then, steam returns to the turbine to complete its 
expansion.  The dehydration condition have been chosen considering that a steam temperature larger than 420qC is 
necessary for operate dehydration at a rate of reaction comparable with the packed bed experiments.  The 
condensation heat extracted from the water reservoir is reutilized for preheating the feed water.  Table 3 shows the 
main results of the calculations.  In this example, the maximum available thermal energy from the steam by-pass, Qd 
[MJ], was calculated with Eq. 9: 
dHPin,HPout,d )( thhmQ c (9) 
where m’ is the mass flow of steam [kg s-1], hout,HP and hin,HP [kJ kg-1] are respectively the enthalpies of steam at 
the outlet and at the inlet of the HP stage of the turbine and td is the time of dehydration.  When td = 60 min, the 
amount of thermal energy that can be stored in the packed beds is Qd = 12,816 MJ (corresponding to a thermal 
power of 3.56 MWt for 1 hour).  From Eq. 6, the amounts of stored heat (qd) of Mg(OH)2 and EM packed beds 
result respectively 427 MJ mbed-3 and 494 MJ mbed-3.  Hence, the thermal energy Qd can be stored in 30.0 m3 of 
Mg(OH)2 pellets or in 25.9 m3 of EM tablets.  In other words, the volume of EM tablets is 13.6% smaller than 
required by pure Mg(OH)2 pellets.  The sensible heat available when heating or cooling the heat storage materials 
was not considered in these calculations, being smaller than the heat of chemical reactions.  When operating the heat 
storage mode, it results that the electrical power output can be decreased of 6.9% with respect to the design power.  
Then, the electrical power output can be increased in a second time by operating the heat output mode.  The heat 
output released by hydration of packed beds is used for reheat steam before it enters the LP turbine stages, as 
illustrated on Fig. 7. 
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Fig. 7: System configuration and heat mass balance of the secondary loop including chemical heat storage operating the heat output mode. 
Table 3 Results of the heat and mass balance calculations 
Item Values 
Available thermal power from steam by-pass, m’·(hHP,outhHP,in) 3.56 MWt 
Available thermal energy from steam by-pass (in 1 hour) 12,816 MJ 
Mole reacted fraction change of Mg(OH)2 after 60 min, 'xd 0.49 
Mole reacted fraction change of EM after 60 min, 'xd 0.56 
Mole reacted fraction change of Mg(OH)2 after 30 min, 'xh +0.44 
Mole reacted fraction change of EM after 30 min, 'xh +0.51 
Required volume of Mg(OH)2, VMg(OH)2 30.0 m3 
Required volume of EM, VEM 25.9 m3 
Gross thermal power output from Mg(OH)2 pellets, wh,Mg(OH)2·VMg(OH)2 3.21 MWt 
Gross thermal power output from EM tablets, wh,EM·VEM 3.23 MWt 
LP turbine inlet steam temperature / pressure (reheated by the mean heat output of hydration) 232qC / 4 bar 
Average electrical power output during heat storage mode 45.8 MWe 
Average electrical power output during heat output mode 50.8 MWe 
 
The new steam enthalpy at the inlet of the LP turbine stages was calculated with Eq. 10 
m
Vwh
mt
Vqhh
c
 
c
 hIPout,
h
h
IPout,LPin, (10) 
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where V is the volume of the packed bed [m3] previously calculated, th the time of hydration (30 min), m’ is the 
mass flow of steam [kg s-1], hout,IP and hin,LP [kJ kg-1] are respectively the enthalpies of steam at the outlet of the IP 
turbine stages and at the inlet of the LP turbine stages.  The gross thermal power output from the packed bed, whÂV 
[kW], results respectively 3.21 MWt for Mg(OH)2 pellets and 3.23 MWt for EM tablets.  Because of its higher value 
of wh, the packed bed of EM tablets has a similar gross thermal power output of Mg(OH)2 pellets despite the smaller 
volume available (25.9 m3).  From the steam tables, for a given enthalpy and pressure (4 bar), it results that steam 
can be reheated to a temperature of 232qC.  The larger value of steam enthalpy hin,LP permits to increase of the 
expansion work in the LP turbine stages and to increase the electrical power output of +3.1% for 30 minutes with 
respect of the design power. 
Histogram on Fig. 8 summarizes the average power output from the steam turbine in the three operation modes 
(design, heat storage mode and heat output mode, respectively).  It refers to the results obtained when storing and 
releasing thermal energy from a packed bed of EM.  Because of its mold-ability and enhanced thermochemical 
performances, EM tablets demonstrated to be more practical than Mg(OH)2 pellets for the utilization in a real reactor. 
 
 
Fig. 8: Comparison of electrical power output from the turbine in three operation modes (heat storage and heat output from packed bed of EM). 
4. Conclusion 
A chemical heat storage composite, called EM, obtained by mixing magnesium hydroxide and expanded graphite 
has been applied for leveling the thermal and electric power output in a nuclear power station.  EM has been tested 
experimentally in a packed bed reactor and its thermochemical performances have been compared to the pure 
Mg(OH)2.  It resulted that a packed bed of EM tablets could store and release thermal energy more rapidly than the 
pure Mg(OH)2.  The mean heat output rate, wh, evaluated in 30 minutes of hydration, resulted 214 kW mbed-3 for 
Mg(OH)2 pellets, while it was 249 kW mbed-3 for EM tablets.  The mean heat output rate of the system was increased 
of +16.2% by using EM tablets.  These results could be achieved because of the enhancement of thermal 
conductivity and energy density given by the utilization of the compressed EG.  For a heat storage of 3.56 MWht in 
1 hour, the volume of Mg(OH)2 pellets required is 30.0 m3; while the same amount of thermal energy could be 
stored in 25.9 m3 of EM tablets.  The volume of EM tablets required to store the same amount of thermal energy of 
Mg(OH)2 pellets resulted 13.6% smaller. The stored heat and heat output calculated from the packed bed 
experiments were utilized for a numerical analysis in a modified Rankine cycle of a nuclear power station.  It was 
estimated that the average electrical power output from the turbine could be decreased of 6.9% with respect of the 
design power when operating the heat storage mode for 60 minutes.  By operating the heat output mode, the average 
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electrical power output in 30 minutes resulted +3.1% higher than the design power.  More investigation is required 
for analyzing more in detail the transient operation of the steam turbine and how to optimize the steam extractions 
and reheating temperature in the light of further enhancements of chemical reactivity of Mg(OH)2. 
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